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ABSTRACT 
It is generally observed that a variety of physical and chemical variables 
have considerable impact on the biological life in a mountain river which 
include plankton, benthic algae, benthic invertebrate and finally the fishery 
resources. They are often subjected to extreme hydrological disturbances 
particularly during rainy seasons when increased volume of water create 
'Wash Off" situation for existing fauna and flora. A case study of a lesser 
Himalayan river - the Gaula which drains the south-central part of Kumaon 
region in Uttaranchal is presented here. Since this river does not get snow-
melt water, it mainly depends on steady flow of the groundwater round the 
year. The climate of the area is characterized with long winters, short summer 
and good amount of rain during monsoon months. The infiltrated groundwater 
which seeps into the surface soil layers during monsoon seasons is the chief 
source of discharge of water during winter and summer season. 
Keywords: Hydrobiology, flora and fauna, Himalayan river 
INTRODUCTION 
The Gaula river originates from 
southem slopes ofGajar rangE}near Motia 
pather. It is a perennial torrental river 
during southwest monsoon and ranges in 
elevation from 500 m to 2610 m above 
msl. Rawat (1988) has provided basic 
dimensions as, width, 32 km; length, 55 
km, area, 912 km2 and Gaula stream 
length, 78 km. At Kathgodam, as phase I 
of proposed Jamrani Dam constructions, a 
barrage has been constructed for storage 
and distribution of water to Haldwani and 
nearby areas. In order to study the pre-
impoundment hydro-biological conditions 
of Gaula, samples from three sampling 
stations based on data collected during 
1992-93 near Herakhan, close to the 
proposed Jamrani Dam and close to the 
Ranibagh were collected, analysed and 
results are presented here. 
MATERIAL AND METHODS 
Monthly samples were collected from 
three fixed stations along the Gaula 
stream. During rainy season (July-
September) Station I, near Herakhan was 
at times not accessible due to heavy 
landslides and blockage of roads. However, 
as soon as climatic conditions retumed to 
normal, samples were collected. 
* Formed part of the thesis for the award of Ph.D degree by Ch. Charan Singh Uni. Meerut 
2 MADAN MOHAN 
RESULTS 
PHYSICAL PARAMETERS 
Among physical parameters, the 
annual mean value of air temperature and 
water temperature were 25.2°CI22.8°C at 
Station I; 25.5°CI22.4°C at Station II and 
26.3°CI22.9°C at Station III. The river 
depth and transparency were 66.0 cm/48.0 
em at Station I; 69.0 cm/49.0 em at Station 
II and 98 cm/59.0 em at Station III. The 
mean annual value of water flow rate and 
turbidity were 1.29 m/s I 60.44 NTU at 
Station I, 1.33 m/s I 58.32 NTU at Station 
II and 1.61 m/sl153 NTU at Station III. 
Total dissolved solids were 71.21 mg!I at 
Station I, 79.85 mg/I at Station II and 
112.19 mg/l at Station III. The specific 
conductivity and total alkalinity were 
156.56 !Jhosl81.25 mg/l at Station I; 177.28 
~osl86.75 mg/l at Station II and 240.46 
~osl108.39 mg/l at Station III. 
CHEMICAL PARAMETERS 
Among chemical parameters, the 
annual mean value of hydrogen-ion 
concentration was 8.27, 8.33 and 8.14 at 
three stations respectively; dissolved oxygen 
10.44 mgll, 10.49 mg!l and 10.42 mgll; 
total hardness as 47.26 mgll, 49.32 mg/l 
and 51.50 mg/l; calcium and magnesium 
as 44.64 mg/l I 2.62 mg!l, 46.86 mg!l/2.46 
mgll, and 48.44 mg!l/3.06 mg/l; sodium 
and potassium as 3.35 mg/l I 2.08 mg/1, 
3.38 mg/ll 2.06 mgll, and 3.18 mgl11 2.17 
mgll, chlorides as 15.78 mg/1, 15.86 mgll 
and 19.43 mg/1, nitrates and phosphorous 
as 0.0615 mg/l I 0.121 mgll, 0.0375 mg/l 
0.130 mg/l and 0.0413 mg/l I 0.1846 mgl 
l, and silicates as 9.61 mg/1, 9.13 mg/l 
and 9.56 mgll for three stations 
respectively. 
The correlation ('r' value) among the 
different water quality parameters based 
on mean seasonal value has clearly 
exhibited strong positive and negative 
correlation among some parameters. 
Water temperature shows strong negative 
correlation with transparency (r = -0.861), 
conductivity shows very strong direct 
relationship with total alkalinity (r = 
0.999), mg (r = 0.97,0), total hardness (r = 
0.960), dissolved oxygen shows strong 
inverse relationship with silicate (r = -
0.966), TDS (r = 0.968), and water flow 
rate (r = -0.918) (Table 1). 
BIOLOGICAL PARAMETERS 
PLANKTON 
Among biological parameters, the 
density of total plankton ranged between 
52 - 1596 unitsl1 for which minima was 
observed in south west monsoon months 
and maxima in summer. Phytoplankton 
contributed bulk of the total plankton. The 
mean seasonal concentration of 
phytoplankton has been estimated as 60 
unitsll in monsoon, 165 unitsll in winter, 
725 units!l in spring and 1164 units!l in 
summer. 
A total of 47 genera ofphytoplankton 
was encountered during the course of these 
investigations wherein Bacillariophyceae 
was represented by 27 genera, 
Chlorophyceae by 13 genera and 
Cyanophyceae by 7 genera. Among 
diatoms, six genera namely Navicula, 
Table 1: Correlation ('r' value) among various water quality parameters in River Gaula (Pooled data) 
Parameter W. Temp. Flow R. Depth Transp. Turbid. Ifi TDS Conduct. TAL 002 C02 Total Cat Mgt Cl- Nat Kt N03- P04- Sl03 
hardness 
W. Temp. 1.000 
Flow R. 0.612 1.000 
Depth 0.371 0.941 1.000 
Transp. .0.948 .0.821 .0.647 1.000 
Turbid. 0.477 0.941 0.987* .0.732 1.000 
pH .0.079 .0.074 0.161 .0.006 0.249 1.000 
TDS 0.720 0.916 0.733 .0.834 0.728 .0.422 1.000 
Conduct. 0.162 .0.658 .0.856 0.160 .0.784 .0.224 .0.374 1.000 
TAL 0.116 .0.691 .0.879 0.206 .0.812 .0.223 .0.410 .0.999** 1000 
D02 .0.861 .0.918 .0.739 0.956* .0.780 0.202 .0.958* 0.305 0.347 1.000 
C02 .0.761 .0.516 .0.482 0.800 .0.618 .0.581 .0.362 0.004 0.132 0.611 1.000 
Total .0.111 .0.815 .0.961* 0.422 .0.925 .0.270 .0.540 0.960* 0.972* 0.526 0.345 1.000 
hardness 
Ca+ .0.114 .0.814 .0.961 * 0.424 .0.927 .0.278 .0.537 0.959'" 0.971* 0.525 0.352 1.000** 1.000 
Mg+ .0.075 .0.821 .0.952* 0.387 .0.898 .0.145 .0.579 0.970* 0.980* 0.527 0.237 0.991 ** 0.989* 1.000 
Cl- .0.911 .0.657 .0.538 .0.938 .0.662 .0.316 .0.595 0.069 0.113 0.800 0.955* 0.343 0.348 0.264 1.000 
Na+ 0.917 0.319 0.008 .0.752 0.106 .0.319 0.566 0.503 0.463 .0.669 .0.512 0.266 0.265 O.Z78 .0.695 1.000 
K+ 0.360 0.325 0.050 .0.297 .0.010 -0.953* 0.659 0.156 0.141 .0.485 0.314 0.122 0.129 0.012 0.019 0.527 1.000 
NOS- 0.634 0.998** 0.942 .0.840 0.951* .0.027 0.904 .0.648 .0.682 .0.922 .0.562 .0.814 .0.814 .0.813 .0.693 0.333 0.286 1.000 
P04- 0.003 0.824 0.859 .0.363 0.768 .0.265 0.728 .0.857 .0.866 .0.586 0.014 .0.855 .0.850 .0.916 .0.117 .0.152 0.372 0.796 1.000 
Sl03- 0.702 0.975* 0.843 .0.859 0.844 .0.256 0.982* .0.502 .0.538 -0.966* .0.463 .0.673 .0.671 .0.695 .0.656 0.479 0.510 0.968* 0.77 4 
* Correlation is significant at the 5% level. 
** Correlation is significant at the 1% level. 
4 MADAN MOHAN 
Cymbella, Amphora, Synedra, Fragillaria 
and Amphipleura together eontributed in 
bulk and dominated throughout the year. 
Other taxa like Frustulia, Cocconeis, 
Diatoma, Neidium, Caloneis, Gomphoneis 
and Bacillaria also contributed to the 
diatom population. Among green algae, 
genera like Zygnema, Spirogyra, Ulothrix, 
Tribonema and Cladophora together 
dominated. Their individual contribution 
at three stations varied in a narrow range. 
Among blue green algae, Oscillatoria was 
the chief contributor followed by Anabaena, 
N ostoc and Rivularia. 
Statistical analyses of correlation of 
seasonal phytoplankton density with seme 
physicochemical parameters like water 
temperature, stream wat1~r flow rate, 
depth, turbidity, specific conductivity, 
dissolved oxygen and total hardness of 
water· at the three sampling stations 
revealed direct relationship with total 
alkalinity, specific conductivity, total 
hardness of water· but low positive 
relationship with water temperature and 
dissolved oxygen and inverse relationship 
with turbidity, river water flow rate and 
river depth (Table 2). 
The average annual density of 
zooplankton was estimated as 11.7 units/ 
1 at Station I; 8.8 units!l at Station II and 
15.6 units/l at Station HI. The protozoans 
dominated among zooplankton followed by 
Rotifera, Cladocera and insect larvae. Out 
of 22 taxa, 6 belong to Protozoa, 6 to 
Rotifera, 2 to Cladocera, 2 to Copepoda, 3 
to insects and 3 to miscellaneous groups. 
MICRO-BENTHIC ALGAE 
The density of epiphytic micro-biotic 
on the stones of Gaula river substratum 
when pooled for three stations and 
considered seasonally was 47410 units/cm2 
during monsoon; 191130 units/cm2 during 
winter; 332427 units/cm2 in spring and 
138971 units/cm2 during summer. The 
dominant genera amongst the three major 
groups of algae were Cymbella, Amphora, 
Navicula, Synedra and Fragillaria 
amongst Bacillariophyceae; Tribonema, 
Table 2: Correlation ('r' value) of Phytoplankton with selected physico-
chemical parameters. 
Parameters Station I Station II Station HI Pooled 
Water Temp (°C) 0.2698 0.3268 0.2957 0.0318 
Water Velocity (m/s) -0.5434 -0.5323 -0.5628 -0.7006 
River Depth (m) -0.5151 -0.7120 -0.8952 -0.9012 
Turbidity (NTU) -0.7061 -0.7333 -0.6107 -0.8924 
Total Alkalinity (mg!l) 0.9012 0.9403 0.7064 0.9982 
Conductivity (JJb.os) 0.7455 0.9441 0.8553 0.9997 
Dissolved Oxygen (mg!l) 0.1418 0.2834 0.3112 0.3882 
Total Hardness (mg/l) 0.8581 0.8396 0.8885 0.9814 
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Zygnema and Spirogyra amongst 
Chlorophyceae; and Oscillatoria and 
Rivularia amongst Cyanophyceae. 
Epiphytic biota demonstrated positive 
relationship with dissolved oxygen, 
hardness of water, alkalinity and specific 
conductivity while it had inverse 
relationship with turbidity, flow rate, depth 
and water temperature (Table 3). 
insect nymphs/larvae of Odonata, 
Ephemeroptera. Plecoptera, Trichoptera, 
Hemiptera, Larvae and adults of 
Coleoptera and larvae of Diptera occurred 
in 4.13%, 16.49%, 3.86%, 52.41%, 0.67%, 
7.30% and 14.06% respectively at the three 
stations. The macro-benthic population in 
Gaula river is diversified and varied in its 
occurrence and abundance depicting 
Table 3: Correlation ('r' value) of Epiphyton with selected physico-chemical 
parameters. 
Parameters Station I 
Water Temp (°C) -0.3833 
Water Velocity (m/s) -0.9453 
River Depth (m) -0.8127 
Turbidity (NTU) -0.9446 
Total Alkalinity (mgll) 0.5867 
Conductivity (Jlhos) 0.3526 
Dissolved Oxygen (mg/l) 0.4980 
Total Hardness (mgll) 0.9701 
MACRO-INVERTEBRATES 
The density ofbenthic macro-biota in 
number over weight of biomass at three 
sampling stations was 29 units m2/0.614 
g m2 to 171 units m2 I 11.346 m2 at 
Station I; 22 units m2 I 0.410 g m2 to 155 
units m2/ 8.717 m2 at Station II; 15 units 
m2/0.321 g m2 to 122 units m2/ 6. 793 g 
m2 at Station III. The Caddis fly larvae 
was the most dominant and contributed 
52.41% in the macro-biota. The nymphs, 
larvae and imagoes of insects amongst 
Arthropoda contributed nearly 99% of the 
total benthic macro-biota. Amongst the 
Station II Station III Pooled 
-0.4150 -0.4258 -0.5623 
-0.9635 -0.9122 -0.9863 
-09960 -0.9436 -0.9837 
-09839 -08838 -09871 
0.4996 0.9590 0.8425 
0.8103 0.9690 0.8223 
0.8411 0.8645 0.8561 
0.9610 0.7225 0.9066 
various types oflife cycle. The main genera 
encountered include Gomphus, 
Octogomphus Epeorus, Heptagenia, 
Rhithrogenia, Baetis, Perla, Micronecta, 
Hydropsyche, Rhycophilla, 
Phyllopotamus, Psephenus, Elmis, 
Chironomus and Tabanus. 
These animals were abundant in Gaula 
river when benthic algae were abundant, 
water was well oxygenated, alkaline and 
contained sufficient nutrients but observed 
to be less abundant when velocity of water 
was high, river depth more and turbidity 
of water high (Table 4). 
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Table 4: Correlation ('r' value) of Macro-benthic animals with physico-
chemical and biological parameters. 
Parameters Station I 
Water Temp (°C) -0.8165 
Water Velocity (mls) -0.9258 
River Depth (m) -0.8886 
Turbidity (NTU) -0.8655 
Total Alkalinity (mg/l) 0.1695 
Conductivity (J!hos) -0.0063 
Dissolved Oxygen (mgll) 0.8932 
Total Hardness (mg!l) 0.7377 
Phytoplankton 0.2980 
Epiphytic biota 0.8040 
Zooplankton 0.8070 
FISH AND FISHERIES 
The ichthyofauna in terms of quality 
as well as quantity is very poor in 
comparison to other Himalayan riverine 
systems. Fishes are caught by cast net, 
traps, angling, poisoning and dynamiting. 
During experimental fishing, the monthly 
catch/man/hour in one kilometer stretch 
of Gaula river ranged from 85 g to 1295 g 
at Station I; 115 g to 920 g at Station II; 
and 65 g and 350 g at Station III. The 
average annual CPUE at three stations 
was estimated as 436 g, 312 g and 92 g 
respectively. Snow Trout, Schizothorax 
richardsonii dominated (8.33-100.0%) 
among fish species. The other species were 
Gara gotyla gotyla (12.36-81.58%). Golden 
Masheer Tor putitora (10.0-49.0%) and 
Station II Station III Pooled 
-0.7376 -0.8739 -0.7424 
-0.5102 -0.7397 -0.9972 
0.5103 -0.3030 -0.9129 
-0.5304 -0.7232 -0.9206 
-0.1816 0.2118 0.6905 
0.1978 0.2224 0.6636 
0.5159 0.7965 0.9544 
0.4078 0.3021 0.7804 
-0.1210 -0.0970 0.0440 
0.4500 0.4360 0.5870 
0.1680 0.1130 0.3560 
Barilius bendelisis (2. 79-81.67%). 
Glyptothorax was available only once in 
September, 1992 (Table 5). 
DISCUSSION 
The perusal of the published literature 
revealed that bio-ecological study of riverine 
system in India has generally been 
restricted to monitor the impact of riverine 
pollution at different stretches (Bilgrami 
& Dutta Munshi, 1985; Tiwari, 1989; 
Kulshrestha et al., 1989; Misra et al., 
1990; Srivastava, 1991; Misra & Saxena, 
1991; Mittal & Sengar, 1991). Pollution 
studies on the Ganga have been conducted 
by Mathur et al., 1988; Tiwari et al., 1988; 
Tripathi, 1989; Singh et al., 1987; 
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Table 5: Catch Per Unit Effort (CPUE in grams) of the experimental fishing 
at three Sampling Stations in Gaula river 
Months CPUE (in grams) 
Station I Station II Station HI Pooled 
July 1992 380 
Aug. 
Sep. 640 
Oct. 270 
Nov. 
Dec. 645 
Jan. 1993 930 
Feb. 580 
March 300 
April 85 
May 895 
June 1295 
July 245 
Aug. 555 
Sep. 135 
Oct. 470 
Nov. 170 
Dec. 255 
Chaudhary, 1991; Trivedy, 1990 & 
Bilgrami, 1991. The physico-chemical 
parameters of the three sampling stations 
of Gaula river during these investigations 
when compared, indicated that the key 
parameters at Station I remained identical 
against Station III where they differed 
considerably. These parameters suggest 
400 260 
500 275 258 
213 
600 290 
340 113 
315 350 437 
240 390 
485 200 422 
115 138 
65 50 
920 255 690 
250 515 
335 140 240 
355 488 
120 85 
325 85 293 
135 90 132 
300 200 252 
that the water of the Gaula at Station III 
near Ranibagh was comparatively polluted 
when compared to the other two stations 
located upstream. This could be attributed 
to mixing ofNalena Nadi with Gaula river 
near Ranibagh close to HMT Factory. 
Beyond its confluence, there is a Hindu 
cremation spot on the right bank of Gaula 
8 MADAN MOHAN 
nver thus bringing ashes and other 
remains of funeral material which are 
thrown into the main river. In addition, 
the river also receives domestic effluent 
from either bank due to human habitation. 
The physico-chemical characteristics 
of a stream generally exert tremendous 
impact upon the fauna and flora. The 
parameters like water temperature, water 
velocity, turbidity and alkalinity can affect 
the density of plankton in an upland 
stream. During the present investigations 
in Gaula river at sampling Station 1~ 
phytoplankton has shown very strong 
correlation with total alkalinity (r = 
0.9012), total hardness (r = 0.8581) and 
specific conductivity (r = 0. 7 455); at Station 
II it had stronger correlation with specific 
conductivity (r = 0.9441), total alkalinity 
(r = 0.9403) and total hardness (r = 
0.8396); and at Station III, very good 
correlation with the hardness of water (r 
= 0.8885), specific conductivity (r = 
0.8553), total alkalinity (r = 0. 7064). But 
when data for three sampling stations were 
pooled, phytoplankton had shown excellent 
direct relationship with specific 
conductivity (r = 0.9997), total alkalinity 
(r = 0.9982) and total hardness (r = 0:981). 
The mean annual value of total dissolved 
solids; specific conductivity, total alkalinity 
and hardness after pooling are 87.75 mg/ 
1, 191.43 J1hos, 92.13 mg/1 and 49.36 mg/ 
1 indicating that Gaula river is very much 
conducive for phytoplankton growth and 
maintenance. The annual mean seasonal 
pooled phytoplankton density for winter 
has be~n estimated as 165 units/1 at 18.2°0 
in winter; 725 units/1 at 19°0 in spring 
and 1164 units/1 at 26.5°0 in summer. In 
a similar study, Khanna et al (1993) 
observed that planktonic fauna was 
abundant during winter (January to 
March) when water temperature, turbidity 
and water velocity were lowest, free carbon 
dioxide in minimum concentration; and 
dissolved oxygen and alkalinity were 
maximum. 
Sehgal (1988) investigated micro-biota 
grown over the bottom stones of River Beas 
in Himachal Pradesh during 1985 and 
1986. Joshi (1991) also reported maximum 
density of epilithic algae during spring 
months in Sherkhad, a tributary of River 
Sutlej in Himachal Pradesh. N egi (1993) 
while studying the photo benthos of river 
Alaknanda in Garhwal Himalaya observed 
that benthic algae were highest in density 
· during winter and lowest during monsoon. 
During the present studies in Gaula river, 
it was observed that after the maximum 
dislodgement of epiphyton during monsoon 
months (July-September), the resettlement 
began to increase in benthic algal taxa 
from October onwards. The peak in their 
density was observed in spring (March) at 
all the three sampling Stations. Although 
the density of epiphyton was quite high 
from January till May, yet second peak in 
May was observed only at Station I. At 
this Station, a lull in density was observed 
in the month ofDecember and April. Very 
high inverse relationship with turbidity 
suggested that there were high losses of 
attached algae in Gaula river during period 
of high turbidity. 
Though Bhatt and Pathak (1991, 
1992), Bhatt and Pandey (1991), Pathak 
and Bhatt (1991); Pandey et al. (1991); 
and Pathani (1990) have published bio-
ecology ofKumaon rivers i.e. Sa:rju, Gomti, 
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Ramganga, Paner, Kosi & Gaula; 
Bartarya, yet information on the diversity 
and abundance of macro-benthic fauna vis 
a vis the ecological conditions prevailing 
is scarce. The may flies appeared to lead 
univoltine type oflife, caddis fly and midge 
larvae indulged in multivoltinism in Gaula 
river. In this river, there are many genera 
of various groups of insects which occurred 
only for few months but very few occurred 
either throughout the year or during major 
parts of the year. During the present 
studies when data of wet biomass of 
benthic invertabrates were pooled for three 
sampling sites, the annual average value 
was estimated as 3.341 g sq.m. Madsen 
(1935) classified streams as rich if they 
had more than 2152 and poor with less 
than 1076 Ind./m2. The availability of 
Psephenus and Elmis in good numbers 
during Southwest monsoon months (July-
September) confirmed the observations 
made by Sehgal (1991) that these larvae 
can withstand extreme turbid conditions 
of monsoon months though macro benthic 
animal biomass demonstrated strong 
negative relationship with turbidity (r = -
0.959). As this biota dominated by caddis 
fly has also demonstrated negative 
relationship with water temperature (r = 
-0.573) it indicated that many of the taxa 
are able to withstand higher temperature 
though their density and biomass appeared 
to be highest during low water regimes. 
References on the study of Himalayan 
Fisheries of Garhwal Himalaya are based 
on the observations of Badola (1975), 
Badola and Pant (1973), Badola & Singh, 
(1977, 1981a, 1981b); Dobriyal, (1991); and 
Sharma (1983). From Kumaon region 
also, the studies depicting fauna & flora of 
streams are few. Pant (1970) recorded fish 
fauna of Kumaon hills and methods 
commonly used in fishing. Bhatt & 
Pathak (1992), Pathani (1990), Joshi (1994) 
and Joshi et al (1993) have reported about 
fishery of some Kumaon rivers. During 
the present studies, s:fx fish species namely 
Tor putitora, Schizothorax richardsonii, 
Gara gotyla gotyla, Barilius bendelisis, 
Nemacheilus botia and Glyptothorax have 
been recorded which were also recorded by 
NRC-CWF during 1990-91 (Anon 1993). 
During the present investigations, average 
annual CPUE ranged from 92 g at lower 
reaches to 436 g in upper reaches upto 
Herakhan with 293 g annual average 
CPUE for the entire stretch (Table 5). 
The damming of this river is likely to 
bring about some bio-ecological changes 
as a result of 'fluviatile' system to a 'pond' 
ecosystem The flow rate of river is likely 
to get modified below the dam as water 
will be stored in reservoir which may not 
match with natural flow. This may have 
adverse impacts on fauna and flora below 
the dam area. The migratory route of 
golden mahseer will also get blocked. A 
network of roads has recently been 
constructed in its catchment areas 
including a approach road from HMT 
quarters, Amritpur upto proposed dam site. 
It appears that landslides have also 
increased particularly near dam site 
godown area where a large portion of 
mountain came down along with vegetation 
in September 1992 into Gaula river and 
converted it into a lake by blocking its 
way with big hill stones, sand and 
vegetation. The construction of the Jamrani 
Dam may have some useful impacts. Its 
prime objective is to improve the drinking 
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water and water for irrigation availability 
which declines drastically during summer 
months. The surface run-off during 
southwest monsoon season which goes 
unutilised will be stored and released 
judiciously during lean period. 
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